Introduction
============

Esophageal cancer is the sixth most common cause of cancer death worldwide \[[@b1-crt-2016-417]\] and remains a significant unmet medical need in Korea \[[@b2-crt-2016-417]\] with an overall poor prognosis. Esophageal cancers are histologically classified as squamous cell carcinoma (SCC) or adenocarcinoma, and SCC, which has risk factors including smoking and alcohol abuse, is the most common form of esophageal cancer in Asian countries \[[@b3-crt-2016-417]\]. Surgery is the primary course of treatment for resectable disease, and lymph node metastasis has been shown to be a strong independent predictor of poor survival \[[@b4-crt-2016-417]\]. Although surgery is the mainstay of curative treatment, surgery alone has limited efficacy at improving long-term survival in locally advanced esophageal cancer, especially node-positive disease. Therefore, more effective multimodal treatment methods, including neoadjuvant or adjuvant chemotherapy, radiotherapy and chemoradiotherapy (CRT) have been investigated for their potential to improve overall survival (OS).

Neoadjuvant chemotherapy or concurrent CRT followed by operation have been regarded as standard treatments for locally advanced esophageal cancer \[[@b5-crt-2016-417]-[@b8-crt-2016-417]\]. However, many patients have been found to have advanced, node-positive, esophageal cancer only after they received upfront surgery without neoadjuvant therapy because of the incomplete accuracy of preoperative tumor staging. For example, one report showed that 81 esophageal cancer patients were staged to have node-negative disease by positron emission tomography, chest computed tomography, and/or endoscopic ultrasonography and received upfront surgery without neoadjuvant therapy. However, 37 of these patients were found to have pathological node(s) in the surgical specimens \[[@b9-crt-2016-417]\].

For this population, adjuvant cisplatin and fluorouracil (FP) is recommended based on the improved disease-free survival (DFS) associated with adjuvant FP in patients with node-positive esophageal SCC \[[@b10-crt-2016-417]\]. However, most patients with esophageal cancer are elderly with poor nutritional status and become fragile after receiving major operations; therefore, adjuvant FP can be too toxic a regimen for this population \[[@b11-crt-2016-417]\]. Accordingly, it is necessary to identify an adjuvant chemotherapy regimen that is more tolerable but comparably efficient with FP. In this study, we prospectively compared the combination regimen of fluorouracil and leucovorin, and oxaliplatin (FOLFOX) with a non-platinum regimen of fluorouracil and leucovorin (LV5FU2) to evaluate whether FOLFOX can be an acceptable adjuvant regimen for locally advanced esophageal SCC.

Materials and Methods
=====================

1. Patients and study design
----------------------------

This study was a single-center, open-label, randomized phase II trial (NCT01467921) of patients aged 20 years or older with histologically confirmed SCC of the esophagus. All patients underwent curative esophagectomy and regional lymphadenectomy and had pathologically node-positive disease. Patients who received prior neoadjuvant chemotherapy, radiotherapy or concurrent chemoradiation (CCRT) before registration were excluded. Eligible patients had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1 and adequate organ function. This study was approved by the Institutional Review Board of Samsung Medical Center. Written informed consent was acquired from each patient before enrollment. Patients with previous oxaliplatin use, severe co-morbid illnesses, and/or active infections were also excluded. All pathological staging of tumors for patients was based on the seventh edition of the American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM) classification guidelines.

2. Study treatment
------------------

Four to six weeks after surgery, eligible patients were randomized to receive (1:1) LV5FU2 or FOLFOX chemotherapy for up to eight cycles or until disease progression before completion of adjuvant treatment, unacceptable toxicity, or patient withdrawal. The LV5FU2 regimen consisted of 2-week cycles of 200 mg/m^2^ leucovorin plus and a bolus injection of 5-fluorouracil (5-FU; 400 mg/m^2^) intravenously on day 1, followed by a 46-hour continuous infusion of 5-FU (2,400 mg/m^2^). In the FOLFOX arm, 2-week cycles of oxaliplatin 85 mg/m^2^ were given intravenously on day 1 before leucovorin and 5-FU and the dose of 5-FU/leucovorin was the same as LV5FU2 regimen. If patients showed disease progression during or after the study treatment, further treatment could be administered at the discretion of the investigators.

3. Endpoints
------------

The primary endpoint of the study was DFS, which was defined as the time from the date of registration to the date of recurrence, death, or last contact. Secondary endpoints included OS, safety and quality of life assessment. OS was calculated from the time of randomization to the date of death. These endpoints were measured in all registered patients (i.e., the intention-to-treat population). Recurrence and survival data were evaluated every four cycles during the study treatment and every 3 months after completion of the study treatment. Safety evaluation included all patients who received at least one dose of study drug and adverse events (AEs) were assessed according to the National Cancer Institute criteria Common Terminology Criteria for Adverse Events (CTCAE) ver. 3 \[[@b12-crt-2016-417]\].

4. Statistical analysis
-----------------------

Assuming a 12-month DFS rate of 60% for the LV5FU2 arm, this study required a total of 56 patients (28 per arm) with 90% power to detect a 20% difference in 12-month DFS using the two-sided log-rank test with an alpha level of 0.05. A 20% ineligible or non-assessable rate was assumed, resulting in an accrual goal of 68 patients (34 patients for each arm). For DFS and OS, survival functions were estimated using the Kaplan-Meier method and compared between groups via the log-rank test. p \< 0.05 were considered statistically significant. Cox regression analysis was used for univariate and multivariate analysis to identify significant prognostic factors for recurrence. All reported p-values are two-sided and were calculated using SPSS ver. 21 (IBM Corp., Armonk, NY).

Results
=======

1. Study patients
-----------------

Between January 2011 and March 2015, 62 patients were randomly assigned to receive either LV5FU2 (n=32) or FOLFOX (n=30) chemotherapy ([Fig. 1](#f1-crt-2016-417){ref-type="fig"}). Among a total of 69 patients enrolled, one patient was excluded due to patient withdrawal and six were removed owing to preoperative treatment. The clinicopathologic characteristics of all patients are listed in [Table 1](#t1-crt-2016-417){ref-type="table"}. All patients in both arms had SCC of the esophagus and pathologically confirmed regional lymph node metastasis. The median age of all patients was 60 years (range, 43 to 77 years). Most were male (97%), and all patients had an ECOG performance status of 1. Both groups had similar pathological characteristics with regard to tumor, nodal status, and location. Approximately 70% of patients had stage III disease, and the upper esophagus tumors represented 20% of patients in the LV5FU2 group and 33% of the FOLFOX group.

2. Efficacy
-----------

At the data cutoff point (February 2016), the median follow-up duration was 27.0 months (range, 4.5 to 59.1 months). The DFS rate at 12 months, which was the primary endpoint in this study, was 67% (95% confidence interval \[CI\], 50.7 to 83.3) in the LV5FU2 group and 63% (95% CI, 45.7 to 80.3) in the FOLFOX group with a hazard ratio (HR) of 1.3 (95% CI, 0.66 to 2.62). Specifically, the median DFS was 29.6 months (95% CI, 4.9 to 54.2) in the LV5FU2 arm and 16.8 months (95% CI, 7.5 to 26.1) in the FOLFOX arm (p=0.428) ([Fig. 2A](#f2-crt-2016-417){ref-type="fig"}), respectively, while the median OS was not reached in either arm (p=0.904) ([Fig. 2B](#f2-crt-2016-417){ref-type="fig"}). The estimated 3-year DFS and OS were 46% and 57% in the LV5FU2 group and 39% and 59% in the FOLFOX group, respectively.

In total, 15 patients in the LV5FU2 group and 18 in the FOLFOX group recurred or progressed during follow-up. There were no significant differences in the pattern of recurrence between groups, although both local and distant recurrence were observed in six patients in the FOLFOX arm ([Table 2](#t2-crt-2016-417){ref-type="table"}). Univariate analysis revealed significant risk factors for tumor recurrence including advanced nodal status (N3, p=0.020), tumor status (T3, p=0.005), and stage III (p=0.019)([Table 3](#t3-crt-2016-417){ref-type="table"}). Middle esophageal cancers were associated with better DFS than upper esophageal cancers (p=0.032).

3. Toxicity
-----------

All enrolled patients were monitored for adverse effects. The overall incidence of grade ≥ 3 AEs was 9.4% (3 of 32 patients) in the LV5FU2 group and 23.3% (7 of 30 patients) in the FOLFOX group ([Table 4](#t4-crt-2016-417){ref-type="table"}). The most common AEs experienced in both treatment arms were neutropenia, thrombocytopenia, nausea, diarrhea, and anorexia. Grade 3 or higher neutropenia was more frequent in patients in the FOLFOX arm compared with the LV5FU2 arm (20.0% vs. 3.1%), but no patients exhibited febrile neutropenia. The addition of oxaliplatin resulted in more frequent fatigue and peripheral neuropathy. Grade 3 aspiration events occurred in one case in each arm but were not related to aspiration pneumonia.

4. Treatment and drug delivery
------------------------------

The median number of chemotherapy cycles administered was eight (range, 4 to 8) in the LV5FU2 group and eight (range, 2 to 8) in the FOLFOX group. Treatment completion rates were similarly high in both groups (84% in the LV5FU2 arm and 70% in the FOLFOX arm, p=0.230). The delivered relative dose intensities for oxaliplatin, fluorouracil and leukovorin were similarly high in both treatment groups ([S1 Table](#SD1-crt-2016-417){ref-type="supplementary-material"}). Reductions in the dose of the randomly assigned treatment were performed in 21.9% of all patients in the LV5FU2 group and 60.0% in the FOLFOX group, whereas 3.1% of all patients in the LV5FU2 group and 26.7% in the FOLFOX group experienced delays in the assigned treatment.

Discussion
==========

Prognosis is poor in most patients treated with curative resection of esophageal cancer who present with local and/or distant recurrence during follow-up. One Japanese study showed that two cycles of FP chemotherapy yielded a much greater survival benefit when administered before surgery than after in locally advanced esophageal SCC \[[@b13-crt-2016-417]\]. In addition, a recent meta-analysis showed that neoadjuvant CRT (HR, 0.8; p=0.002) and neoadjuvant chemotherapy (HR, 0.89; p=0.051) were associated with increased OS in locally advanced esophageal SCC \[[@b14-crt-2016-417]\]. Thus, neoadjuvant chemotherapy or CRT has attracted more interest clinically than adjuvant therapy. However, adjuvant FP chemotherapy has also been suggested to improve DFS, especially in patients with pathologically node-positive esophageal SCC, although this benefit did not extend to OS \[[@b10-crt-2016-417]\]. There are also many clinical situations in which chemotherapy or CRT cannot be administered before surgery and adjuvant therapy is required after curative resection. Therefore, exploring which regimen is appropriate for adjuvant chemotherapy in patients undergoing curative resection for node-positive esophageal SCC could provide important clinical information.

The optimal chemotherapeutic agents and adequate number of cycles of adjuvant chemotherapy for node-positive esophageal SCC have not been established thus far, and the most commonly used FP regimen is associated with significant toxicity \[[@b11-crt-2016-417],[@b15-crt-2016-417]\]. Given that many esophageal cancer patients are elderly and therefore sensitive to toxic chemotherapy after operation, we investigated the clinical role of an adjuvant FOLFOX regimen for esophageal SCC and compared it with a potentially less toxic regimen, 5-FU/leucovorin. In esophageal cancer, FOLFOX chemotherapy was introduced for use in patients with advanced or metastatic disease \[[@b16-crt-2016-417]\]. FOLFOX chemotherapy in the definitive CCRT was also recently shown to be more convenient and less toxic than a 5-FU plus cisplatin regimen \[[@b15-crt-2016-417]\].

However, in the present study, adjuvant FOLFOX chemotherapy did not improve DFS or OS relative to 5-FU/leucovorin chemotherapy but was instead related to a slightly increased incidence of neutropenia and dose reductions or delays. A possible explanation for this negative result could be that over 50% of the enrolled patients had advanced nodal disease (N2, N3); thus, adjuvant treatment with chemotherapy alone may be insufficient to control locoregional recurrence (66.7% for local recurrence, 33.3% for distant recurrence). Hsu et al. \[[@b17-crt-2016-417]\] suggested that postoperative radiotherapy could improve OS for patients with advanced nodal disease. Adjuvant 5-FU/leucovorin was also better at preventing disease recurrence than we expected, with 3-year DFS and OS rates of 46% and 57%, respectively, which were similar to the results of a previous trial using adjuvant FP \[[@b13-crt-2016-417],[@b18-crt-2016-417]\]. Furthermore, many patients in the FOLFOX group did not complete the planned eight cycles of chemotherapy, and eight cycles of FOLFOX adjuvant chemotherapy might be insufficient to demonstrate the efficacy.

It should be noted that our study had some limitations. The LV5FU2 regimen used for the control arm is not a standard treatment. Although there is no consensus on optimal adjuvant chemotherapy for resected esophageal SCC, cisplatinbased combinations remain the most commonly used regimens. Recently, newer drugs such as taxane (paclitaxel, docetaxel) and platinum analogues (carboplatin) have been investigated for esophageal cancer in various settings. Neoadjuvant CCRT with paclitaxel plus carboplatin followed by surgery led to marked increases in OS in esophageal SCC \[[@b7-crt-2016-417]\].

Conclusion
==========

In summary, the results of the present study suggest that postoperative chemotherapy with a FOLFOX regimen does not result in improved DFS compared with a LV5FU2 regimen for patients who undergo curative resection of pathologically node-positive esophageal SCC. Further prospective trials on adjuvant chemotherapy in a selected population undergoing esophageal cancer resection are needed.
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###### S1 Table.

Drug delivery

![CONSORT diagram of the study design and participants. LV5FU2, leucovorin and 5-fluorouracil; FOLFOX, fluorouracil, leucovorin, and oxaliplatin; ITT, intention-to-treat.](crt-2016-417f1){#f1-crt-2016-417}

![(A) Kaplan-Meier curves of disease-free survival for patients who received FOLFOX or LV5FU2 (median disease-free survival, 16.8 months in the FOLFOX arm vs. 29.6 months in the LV5FU2 arm). (B) Kaplan-Meier curves of overall survival of all patients according to treatment arm (median overall survival was not reached in either arm). FOLFOX, fluorouracil, leucovorin, and oxaliplatin; LV5FU2, leucovorin and 5-fluorouracil.](crt-2016-417f2){#f2-crt-2016-417}

###### 

Baseline patient characteristics

  Characteristic                LV5FU2 (n=32)   FOLFOX (n=30)
  ----------------------------- --------------- ---------------
  **Age (yr)**                                  
   Mean±SD                      61.9±6.11       60.0±7.84
   Range                        46-73           43-77
  **Sex**                                       
   Male                         31 (96.9)       29 (96.7)
   Female                       1 (3.1)         1 (3.3)
  **ECOG performance status**                   
   1                            32 (100)        30 (100)
  **Histology**                                 
   Squamous cell carcinoma      32 (100)        30 (100)
  **Differentiation**                           
   Well                         7 (21.9)        3 (10.0)
   Moderate                     22 (68.8)       20 (66.7)
   Poorly                       2 (6.2)         6 (20.0)
   Undifferentiated             1 (3.1)         1 (3.3)
  **Pathologic tumor status**                   
   T1                           11 (34.4)       11 (36.7)
    T1a/T1b                     1/8             0/8
   T2                           6 (18.8)        2 (6.7)
   T3                           15 (46.9)       17 (56.7)
  **Pathologic nodal status**                   
   N1                           14 (43.8)       17 (56.7)
   N2                           13 (40.6)       9 (30.0)
   N3                           5 (15.6)        4 (13.3)
  **Pathologic staging**                        
   IIB                          9 (28.1)        11 (36.7)
   III                          23 (71.9)       19 (63.3)
    IIIA/IIIB/IIIC              10-8-5          8/7/4
  **Location**                                  
   Upper                        6 (18.8)        10 (33.3)
   Middle                       11 (34.4)       8 (26.7)
   Lower                        15 (46.9)       12 (26.7)

Values are presented as number (%). LV5FU2, leucovorin and 5-fluorouracil; FOLFOX, fluorouracil, leucovorin, and oxaliplatin; ECOG, Eastern Cooperative Oncology Group.

###### 

Pattern of failure

  Site of recurrence           LV5FU2 (n=15)   FOLFOX (n=18)
  ---------------------------- --------------- ---------------
  **Loco-regional**                            
   Cervical lymph node         1               1
   Mediastinal lymph node      2               \-
   Abdominal lymph node        1               1
   Lymph node, others          7               3
  **Distant**                                  
   Lung                        1               5
   Peritoneum                  1               1
   Liver                       2               3
   Bone                        1               1
   Other                       1               2
  **Both local and distant**   \-              6

LV5FU2, leucovorin and 5-fluorouracil; FOLFOX, fluorouracil, leucovorin, and oxaliplatin.

###### 

Univariate analysis of the DFS and OS

  Predictive factor                DFS    OS                                      
  -------------------------------- ------ ----------- ------- ------ ------------ -------
  **Age (≥ 60 yr vs. \< 60 yr)**   0.88   0.44-1.76   0.712   1.27   0.51--3.19   0.609
  **Group (FOLFOX vs. LV5FU2)**    1.32   0.66 2.62   0.430   1.06   0.44-2.54    0.904
  **Location**                                                                    
   Middle vs. upper                0.35   0.14 0.92   0.032   0.16   0.03-0.77    0.022
   Lower vs. upper                 0.58   0.26 1.30   0.187   0.57   0.22-1.47    0.246
  **Differentiation**                                                             
   Moderate vs. well               0.57   0.24 1.35   0.200   0.56   0.20-1.55    0.263
   Poorly vs. well                 0.54   0.16-1.85   0.326   0.21   0.03-1.83    0.159
  **T stage**                                                                     
   T2 vs. T1                       0.86   0.18-4.12   0.856   0.76   0.09-6.59    0.807
   T3 vs. T1                       3.21   1.42-7.25   0.005   2.64   0.95-7.38    0.064
  **N stage**                                                                     
   N2 vs. N1                       1.55   0.71-3.37   0.274   1.17   0.44-3.08    0.755
   N3 vs. N1                       3.03   1.19-7.74   0.020   1.41   0.39-5.16    0.602
  **Stage (III vs. II)**           2.91   1.19-7.14   0.019   1.32   0.51-3.44    0.574

DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; FOLFOX, fluorouracil, leucovorin, and oxaliplatin; LV5FU2, leucovorin and 5-fluorouracil.

###### 

Toxicity profile

  Toxicity                 LV5FU2 (n=32)   FOLFOX (n=30)               
  ------------------------ --------------- --------------- ----------- ----------
  **Hematologic**                                                      
   Neutropenia             10 (31.2)       1 (3.1)         18 (60.0)   6 (20.0)
   Febrile neutropenia     \-              \-              \-          \-
   Anemia                  9 (28.1)        \-              8 (26.7)    \-
   Leukopenia              2 (6.2)         \-              5 (16.7)    \-
   Thrombocytopenia        7 (21.9)        \-              20 (66.6)   1 (3.3)
  **Non-hematologic**                                                  
   Nausea                  14 (43.8)       1 (3.1)         18 (60.0)   \-
   Vomiting                5 (15.6)        1 (3.1)         5 (16.7)    \-
   Diarrhea                12 (37.5)       \-              10 (33.3)   \-
   Constipation            2 (6.2)         \-              2 (6.7)     \-
   Stomatitis              2 (6.2)         \-              3 (10.0)    \-
   Mucositis               6 (18.8)        \-              5 (16.7)    \-
   Peripheral neuropathy   4 (12.5)        \-              19 (63.3)   \-
   Alopecia                1 (3.1)         \-              2 (6.7)     \-
   Anorexia                12 (37.5)       \-              17 (56.7)   \-
   Pruritus                \-              \-              \-          \-
   Hand-foot syndrome      1 (3.1)         \-              1 (3.3)     \-
   Fatigue                 4 (12.5)        \-              13 (43.3)   \-
   Insomnia                4 (12.5)        \-              4 (13.3)    \-
   Hyperpigmentation       1 (3.1)         \-              \-          \-
   Skin rash               2 (6.2)         \-              1 (3.3)     \-

Values are presented as number (%). LV5FU2, leucovorin and 5-fluorouracil; FOLFOX, fluorouracil, leucovorin, and oxaliplatin.
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